Background The American Heart Association recommends cardiopulmonary resuscitation (CPR) by bystanders with chest compression only for adults who have cardiac arrests, but not for children. We assessed the eff ect of CPR (conventional with rescue breathing or chest compression only) by bystanders on outcomes after out-of-hospital cardiac arrests in children.
Introduction
Although cardiopulmonary resuscitation (CPR) by bystanders improves survival after out-of-hospital cardiac arrest, most people who have a cardiac arrest do not receive any CPR from bystanders. 1 Partly to encourage CPR by bystanders, the American Heart Association (AHA) now recommends CPR with chest compression only (hands only) for people who have an out-of-hospital cardiac arrest of presumed cardiac origin (eg, sudden collapse or collapse after signs consistent with a myocardial infarction) that is witnessed by a bystander. 2 Importantly, survival rates after sudden cardiac arrests of presumed cardiac cause in adults are similar after conventional CPR with chest compressions and rescue breathing by a bystander or compression-only CPR by a bystander. [3] [4] [5] [6] [7] [8] Additionally, compressiononly CPR is easier to teach, learn, and remember than is conventional CPR. 2, 9 As for adults, most children who have an out-ofhospital cardiac arrest do not receive CPR by a bystander. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] By contrast with such cardiac arrests in adults, CPR by bystanders has not been independently associated with improved outcomes in children. [12] [13] [14] [15] [16] [17] Many paediatric out-of-hospital cardiac arrests are of respiratory rather than cardiac cause. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Notably, animal studies suggest that CPR with chest compressions plus rescue breathing is better than chest compressions alone for cardiac arrests of respiratory cause. 21, 22 Therefore, compression-only CPR by bystanders is not recommended for children. 2, 23 We examined whether any type of CPR by bystanders would be associated with favourable neurological outcome after paediatric out-of-hospital cardiac arrests compared with no CPR. We further postulated that conventional CPR by bystanders with rescue breathing would be better than CPR with chest compression only after cardiac arrests with presumed non-cardiac causes, and that either CPR technique by bystanders (compression only and conventional) would be similarly associated with improved outcomes after out-of-hospital cardiac arrest with presumed cardiac causes.
Methods

Study design
The All-Japan Utstein registry of the Fire and Disaster Management Agency (FDMA) is a prospective, nationwide, population-based registry system of out-ofhospital cardiac arrests in adults and children, with Utstein-style data collection. [24] [25] [26] This observational study enrolled all children aged 17 years and younger who had had an out-of-hospital cardiac arrest and who were treated by emergency medical service personnel and transported to medical institutions from Jan 1, 2005, to Dec 31, 2007. Patients were excluded from analysis if their arrests occurred after the arrival of the emergency medical service or witness status was not documented.
Cardiac arrest was defi ned as the end of cardiac mechanical activity determined by the absence of signs of circulation. [24] [25] [26] The cause of arrest was presumed to be cardiac unless evidence suggested external causes (trauma, hanging, drowning, drug overdose, asphyxia), respiratory diseases, cerebrovascular diseases, malignant tumours, or any other non-cardiac cause. Attribution of non-cardiac or cardiac cause was made by the physicians in charge in collaboration with the emergency medical service personnel. The ethics committee of Kyoto University Graduate School of Medicine approved the protocol for data analyses.
Study setting
Japan has an area of about 378 000 km² including both urban and rural communities. The population of Japan was roughly 127 million in 2005, and 21·3 million people were younger than 18 years of age. 27 There were 807 fi re stations with dispatch centres in 2007. Emergency medical services were provided by the municipal governments 24 h every day. All providers did CPR according to the Japanese CPR guidelines, which were based on the AHA and the International Liaison Committee on Resuscitation (ILCOR) 2000 treated by emergency medical service personnel were transported to hospital and registered in this study, excluding those with decapitation, incineration, decomposition, rigor mortis, or dependent cyanosis. CPR training, consisting of conventional CPR including chest compressions and rescue breathing, had been off ered to about 1·4 million Japanese citizens per year, mainly by local fi re departments. 31 Compression-only CPR had not been taught in any resuscitation training programme in Japan during the study period.
Data collection and quality control
Data were collected prospectively with a data form that included: data for sex, age, cause, bystander's witness status, fi rst documented cardiac rhythm, presence and type of CPR by bystander, and intubation and administration of epinephrine by emergency medical service personnel. Outcome data included return of spontaneous circulation before hospital arrival, 1-month survival, and neurological status 1 month after the event. The time from collapse to fi rst resuscitation attempt by the bystander was obtained from the bystanders by interview with emergency medical service personnel before leaving the scene. Times of receipt of call by emergency medical service, vehicle arrival at the scene, contact with patients, initiation of CPR, defi brillation by emergency staff , and arrival at hospital were recorded with the clock used by each emergency medical service system.
The data form was completed by emergency medical service personnel in cooperation with the physicians in charge of the patients, and the data were integrated into the registry system on the FDMA database server. Forms were logically checked by the computer system and were confi rmed by the implementation working group. If the data form was incomplete, the FDMA returned it to the respective fi re station and the data were confi rmed.
Study endpoints
The primary endpoint was favourable neurological outcome 1 month after cardiac arrest, prospectively defi ned as Glasgow-Pittsburgh cerebral performance category 1 (good performance) or 2 (moderate disability). 24, 25 The other categories-3 (severe cerebral disability), 4 (vegetative state), and 5 (death)-were regarded as unfavourable neurological outcome. 24, 25 Secondary outcome measures were return of spontaneous circulation before hospital arrival and 1-month survival.
Statistical analysis
An estimate of the number of victims needed to test our fi rst hypothesis was derived from analyses of previous studies of out-of-hospital cardiac arrests in children in the USA 12 and two large epidemiological studies in adults in Japan. 3, 4 The calculation was based on a two-fold improvement in favourable neurological outcomes from a baseline outcome of 5·0, and a 1:1 ratio of victims who received CPR by a bystander versus no CPR. The minimum sample size for comparison of favourable neurological outcome at 1 month was estimated to be 400 victims for each group on the basis of a two-sided α value of 0·05 and a β error of 0·20.
We compared outcomes between any CPR by a bystander and no CPR for all children who had cardiac arrests, and then between conventional and compressiononly CPR, dividing the patients into the four groups by the cause of arrests (non-cardiac or cardiac) and age (infants aged <1 year or children aged 1-17 years). A priori, we focused on children aged 1-17 years because outcomes are so poor in infants and because many of the cardiac arrests in these infants are attributable to sudden infant death syndrome, often discovered long after death has occurred. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 32 Both conventional and compressiononly CPR with rescue breathing by a bystander were regarded as bystander CPR.
Continuous variables were assessed by unpaired t test, and categorical variables by χ² test. Multivariable logistic regression analysis was done to assess the contribution of CPR by bystanders to favourable neurological outcome referring to no CPR, and that of conventional CPR referring to compression-only CPR. Odds ratios (ORs) and their 95% CIs were calculated with adjustment for potential confounding factors including sex, age, cause of arrest, witness status, fi rst documented rhythm, time from call to CPR by emergency medical service, and time 
Role of the funding source
The implementation working group for All-Japan Utstein registry of the FDMA designed the study protocol, and the FDMA gathered and managed the data. The sponsors of the study had no role in data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
5758 out-of-hospital cardiac arrests in children were documented. The mean yearly population-based incidence of all cases was 8·0 per 100 000 person-years (65·9 per 100 000 person-years for infants <1 year). The incidence was 2·3 per 100 000 person-years with presumed cardiac cause (22·6 per 100 000 person-years for infants), and 5·7 per 100 000 person-years with noncardiac cause (43·3 per 100 000 person-years for infants). The fi gure shows an overview of children who had out-of-hospital cardiac arrests with the important outcomes by cause, witness status, and the fi rst documented rhythm. Of 5573 resuscitation attempts, excluding 360 arrests after arrival of emergency medical service and 43 arrests with unknown witness status, 5170 children who had cardiac arrests were eligible for our analyses. Of these arrests, 3675 (71%) were of a non-cardiac cause and 1495 (29%) were of a presumed cardiac cause. Overall 1-month survival was 9·2% (476/5170), and favourable neurological 1-month survival was 3·2% (163/5170). 973 (26%) arrests of a non-cardiac causes and 441 (29%) of cardiac causes were witnessed by bystanders. Neurological status at 1 month was not documented for 23 (<1%) children. In children who had arrests of non-cardiac causes witnessed by bystanders, we noted favourable neurological outcome 1 month after arrest in fi ve (14%) when the fi rst documented rhythm was ventricular fi brillation and in 54 (6%) when the fi rst documented rhythm was pulseless electrical activity or asystole. In patients who had arrests of cardiac causes witnessed by bystanders, we noted favourable neurological outcome 1 month after arrest in 40 (31%) with ventricular fi brillation and in 16 (5%) with pulseless electrical activity or asystole. Overall, 2439 (47%) children received CPR by bystanders, including 1551 (30%) who received conventional CPR with chest compressions and rescue breathing and 888 (17%) who received chest compression-only CPR. 2719 (53%) children did not receive any CPR. Data for type of CPR by bystander were not available for 12 (<1%) children.
Children who had out-of-hospital cardiac arrests with bystander CPR were younger, less likely to have witnessed arrests, and more likely to have fi rst documented rhythm of ventricular fi brillation than were those without bystander CPR (table 1). The time from call to CPR by emergency medical service personnel was slightly shorter in patients with bystander CPR than in those without ( (table table 2 ). Table Table 3 shows demographic characteristics, fi rst documented rhythm, and response times of emergency medical service for children who had out-of-hospital cardiac arrest by type of bystander CPR in non-cardiac and cardiac cause groups. The male to female ratio was about 3:2 irrespective of cause and type of bystander CPR (table 3) . In children who had arrests of noncardiac origins, 1819 (50%) were of external causes, 378 (10%) respiratory diseases, 87 (2%) cerebrovascular diseases, 27 (1%) malignant tumours, and 1353 (37%) other causes. In children who had arrests of cardiac causes, those in the CPR group were more likely to have ventricular fi brillation as the fi rst documented rhythm than were those in the no CPR group (table 3) . Times from call to CPR by emergency medical service personnel and to hospital arrival were similar between the CPR and no CPR groups (table 3) . The time from call to shock by emergency medical service personnel was signifi cantly shorter in the conventional CPR group than in the compression-only CPR group (table 3) . Table 4 shows age-stratifi ed outcomes in children who had out-of-hospital cardiac arrests of non-cardiac and Others 6·43 (4·08-10·12) <0·0001
Any bystander-initiated CPR (vs no CPR) 2·59 (1·81-3·71) <0·0001
Call to CPR by EMS (for one increment of minute) 0·91 (0·86-0·97) 0·0021
Call to hospital arrival (for one increment of minute) 0·99 (0·96-1·02) 0·66
OR=odds ratio. VF=ventricular fi brillation. CPR=cardiopulmonary resuscitation. EMS=emergency medical service. 
Discussion
Data from this large nationwide registry of children who have out-of-hospital cardiac arrests show that CPR by bystanders (including conventional and compressiononly CPR) is associated with higher rates of survival than is no bystander CPR, and with survival with favourable neurological outcome. Unlike previous studies that were underpowered to show this important association, our study is suffi ciently large to identify the important benefi cial eff ect of bystander CPR on survival outcomes after paediatric cardiac arrest. [12] [13] [14] [15] [16] [17] The relative value of rescue breathing during CPR by bystanders depends on the cause of the arrest. For children who have out-ofhospital cardiac arrests with non-cardiac causes, conventional bystander CPR including chest compressions and rescue breathing was associated with a higher frequency of favourable neurological outcome 1 month after arrest than was either bystander CPR with compression only or no bystander CPR. For arrests with cardiac causes, bystander CPR (conventional or compression-only) was associated with a higher rate of favourable neurological outcome 1 month after arrest than was no bystander CPR, and the two bystander CPR approaches seemed to be similarly eff ective.
These clinical data are consistent with fi ndings from animal investigations. 21, 22, 33, 34 After a ventricular fi brillation cardiac arrest, CPR can be eff ective with either chest compressions with rescue breathing or chest compressions alone. 33, 34 By contrast, for cardiac arrests brought about by acute asphyxia, conventional CPR with chest compressions and rescue breathing is much more eff ective than are chest compressions alone. 21, 22 Not surprisingly, conventional CPR with rescue breathing in this observational investigation seemed to be most important for cardiac arrests after trauma, hanging, drowning, drug overdose, and acute respiratory compromise. These clinical scenarios accounted for about 70% of cases. Notably, cardiac arrests associated with these clinical scenarios are typically precipitated by acute asphyxia. Consistent with previous epidemiological observations for adults who have out-of-hospital cardiac arrests from two sites in Japan (Tokyo and Osaka areas), 3, 4 CPR by bystanders with either conventional CPR or compression-only CPR was eff ective for children who have arrests of cardiac cause. Outcomes in adults after a witnessed out-of-hospital cardiac arrest were better after compression-only CPR by bystanders than they were with either conventional CPR or no CPR. Furthermore, the bystanders providing compressiononly CPR were more likely to have not received any CPR training (30% vs 14%) and less likely to have medical training (22% vs 49%) than were bystanders providing conventional CPR. 4 In the Utstein Osaka project, outcomes in adults who had out-of-hospital arrests of cardiac causes were better after either conventional or compression-only CPR by bystanders than were those who had no CPR, but outcomes were similar after either conventional or compression-only CPR. 4 Investigators of several other observational studies have also noted that both bystander CPR techniques resulted in better outcomes than did those with no bystander CPR, and that the outcomes were similar with either technique. 5, 7, 8 These clinical observations in adults have provided support for the AHA's recommendation of compression-only CPR by bystanders for adults who have out-of-hospital cardiac arrests. Our fi ndings suggest that compression-only CPR might also be a reasonable approach for children who have out-of-hospital arrests of cardiac causes (eg, witnessed sudden collapse cardiac arrest).
In infants, outcomes were poor irrespective of type of bystander CPR. Many of these infants presumably had sudden infant death syndrome. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 32 Such children have typically been dead for a long time before arrival of the emergency medical service, and resuscitation attempts are almost uniformly unsuccessful. Additionally, many of their cardiac arrests are precipitated by an acute asphyxial event. Therefore, we do not believe that compression-only CPR is a promising approach for infants. Instead, eff orts should focus on prevention of out-of-hospital cardiac arrests. 1, 32 Supported by our new data, we strongly recommend that conventional CPR, including rescue breathing, continue to be the standard treatment for children who have out-of-hospital cardiac arrests with presumed noncardiac causes. Additionally, because overall outcomes for this group of patients improve with CPR (either conventional or compression only) by bystanders and most do not receive any bystander CPR, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] we recommend that compression-only CPR be provided rather than no CPR.
How can these seemingly complex recommendations be implemented? Although recommendations for optimum CPR training are beyond the scope of this Article, our data lead us to lend support to a double CPR training strategy: compression-only CPR training for most people 2, 35 to increase bystander CPR by bystanders, and conventional CPR (chest compression plus rescue breathing) training for individuals who are most likely to witness children who have cardiac arrests with non-cardiac causes, such as medical professionals, lifeguards, school teachers, families with children, and families with swimming pools. 36 Citizens would be increasingly taught compression-only CPR-a simpler technique that is easier to learn, remember, and undertake than is conventional CPR. 2, 35 If a bystander has learned chest-compression-only CPR, or if a member of the emergency-telephone dispatcher system prefers to teach chest-compression-only CPR rather than conventional CPR because conventional CPR is diffi cult, the bystander should be encouraged to provide compression-only CPR rather than no bystander CPR. Further assessment of the risks and benefi ts of these and other approaches to provide and encourage CPR by bystanders is warranted.
This observational study has several limitations. First, because only conventional CPR was taught during this study, people who provided rescue breathing might have been better trained and might have provided more eff ective chest compressions than might those who provided compression-only CPR. However, we have no data for the quality of bystander CPR provided. Second, we were only able to assess neurological status at 1 month after the arrest only; longer follow-up was not available. Third, the category of presumed cardiac arrest is a diagnosis by exclusion (ie, the diagnosis was made when there was no evidence of a non-cardiac cause), in accordance with the adult and paediatric Utstein-style international guidelines for cardiac arrest data reporting. [24] [25] [26] Fourth, as with all epidemiological studies, data integrity, validity, and ascertainment bias are potential limitations. The use of uniform data collection on the basis of Utstein-style guidelines for reporting cardiac arrest, large sample size, and a population-based design were intended to keep to a minimum these potential sources of biases.
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